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(57)Abstract: 

PURPOSE: To improve the hydrophilicity of the surface of a 
molding of a polymeric material by irradiating the molding with 
ultraviolet rays emitted from a dielectric barrier discharge lamp in t 
which the maximum value of the wavelength of emitted light is in 
the dielectric region of a specified value. 
CONSTITUTION: A gas for discharge containing at least one 
member selected from among Xe, Ar f Kr and F is blown into a 
treatment duct 1 under an adjusted pressure of 0.2 to several atm 
through a feed opening 13 for fluid to be treated. A molding 3 of a 
polymeric material such as polyethylene terephthalate is 
irradiated with ultraviolet rays emitted from dielectric barrier 
discharge lamps 2a to 2e in each of which the maximum value of 
the wavelength of emitted light is 180nm or below and is in at 
least one region selected from among the regions of 160-190nm, 
140-160nm, 107-165nm and 130-190nm. By the ultraviolet 
irradiation, the oxygen, carbon and moisture present on the 

surface of the molding 3 can be converted into OH groups and COOH groups, which are then introduced 
into the suface of the molding to make it hydrophilic or even more hydrophilic. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The surface treatment approach characterized by irradiating the ultraviolet rays emitted from 
the dielectric barrier discharge lamp which has the maximum of the wavelength of synchrotron orbital 
radiation in a wavelength band 180nm or less at a polymeric-materials Plastic solid, and changing the 
front face of a polymeric-materials Plastic solid into a hydrophilic property, or making the hydrophilic 
property increase. 

[Claim 2] The surface treatment approach according to claim 1 by which the radiation wavelength range 
which a polymeric-materials Plastic solid is polyethylene resin, polypropylene resin, or polyacetal resin, 
and the dielectric barrier discharge lamp expressed per nm as gas for discharge including the gas 
containing a xenon, a krypton; an argon; or a fluorine was characterized by being the dielectric barrier 
discharge lamp which has synchrotron orbital radiation in 160-190, 140-160, 107-165, and at least one 
wavelength range of 130-190. * • v .;:»*. 5 - 

[Claim 3] The surface treatment approach according to claim 1 by which the radiation wavelength range 
which a polymeric-materials Plastic solid is a fluororesin and the dielectric barrier discharge lamp 
expressed per nm as gas for discharge including the gas containing a krypton, an argon, or a fluorine was 
characterized by being the'dielectric barrier discharge lamp which has synchrotron orbital radiation in 
140^160; 107-165, and at least one wavelength range of 130-190. « 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Or this invention changes the front face of a polymeric-materials Plastic solid 
into a hydrophilic property, it relates to the surface treatment approach of making a hydrophilic property 
increasing. 
[0002] 

[Description of the Prior Art] As a technique relevant to this invention, there is a Japan disclosure 
patent official report common No. 7353 [ two to ], and it is filled with the gas for discharge which forms 
an excimer molecule in a discharge container there, for example, and is dielectric barrier discharge (alias 
name ozonizer discharge or silent discharge.). An excimer molecule is made to form by the 263rd page 
reference of reprint issuance in Institute of Electrical Engineers of Japan issuance revised new edition 
"discharge handbook" June, Heisei 1, and the radiator which takes out the light emitted from this 
excimer molecule, i.e., a dielectric barrier discharge lamp, is indicated. On the other hand, various 
methods of changing the front face of a polymeric-materials Plastic solid into a hydrophilic property are 
proposed. A polymeric-materials Plastic solid has a low polarity in chemical structure, and since 
crystallinity is high, there are many objects with difficult adhesion on the , front face, printing, paint, and 
dyeing. In order to perform these, it is necessary to change the front face of a polymeric-materials 
Plastic solid into a hydrophilic property. The thing like a degree is one of main things of the conventional 
technique. It is a UV irradiation method by a flame treatment method, the chromate treatment method, 
the corona discharge approach, the plasma treatment method, a mercury lamp, etc. 
[0003] Although a flame treatment method processes the front face of mold goods with the oxidizing 
flame of gas, deformation by heat and fusion may take place. Processing of the chemical which uses a 
chromate treatment method is a problem. A corona discharge approach is an approach of applying 
through and high tension and processing a film in the gap of an electrode and a metal roll. There is a 
problem that processing is difficult, except the shape of a film. Under low voltage, the low-temperature 
plasma is made to act on a polymeric-materials Plastic solid front face, and a plasma treatment method 
processes it. A chemical change happens to a front face by the electron, ion, ultraviolet rays, etc. The 
costs which a processing facility takes are batch processing fundamentally [ it is large and ], and it is a 
fault that consecutive processing is impossible. Moreover, objects which cannot carry out 
hydrophilization, such as that the above-mentioned ultraviolet-rays approach requires time amount and 
a fluororesin, exist. 
[0004] 

[Problem(s) to be Solved by the Invention] Or it can apply the technical problem of this invention also to 
the front face of various low activity polymeric-materials Plastic solids and it changes the front face 
into a hydrophilic property, it is offering the approach of increasing a hydrophilic property. 
[0005] 

[Means for Solving the Problem] The object of this invention can be attained by irradiating an irradiated 
object with the dielectric barrier discharge lamp which has the maximum of the wavelength of 
synchrotron orbital radiation in a radiation band 180nm or less. 



[0006] 

[Function] In a dielectric barrier discharge lamp, if a xenon is used as gas for discharge, the dielectric 
barrier discharge lamp which has synchrotron orbital radiation in the wavelength region of the range of 
the 160 to 190 nm wavelength which has maximum in 172nm will be obtained. If a krypton, an argon, and 
a fluorine are similarly used for the gas for discharge, the dielectric barrier discharge lamp of the 
wavelength region over [ length / of radiation / maximum wave ] 140-160, 107-165, and 130 to 190 nm 
in the wavelength range will be obtained by 155 and 126 or 158nm, respectively. 
[0007] If the polymeric-materials Plastic solid arranged in the inert atmosphere of the ambient 
atmosphere which contains atmospheric air, oxygen, or a steam with these lamps, nitrogen-gas- 
atmosphere mind, or an argon is irradiated Since photon energy is higher than 185nm of the radiation 
wavelength of the low-pressure mercury lamp currently used conventionally, and 254nm The capacity to 
cut C-H coupling of a polymeric-materials Plastic solid front face etc. is high, and the degree combined 
with a front face by the carbon in a polymeric-materials Plastic solid front face and an ambient 
atmosphere, oxygen, moisture, etc. serving as an OH radical and a COOH radical simultaneously is high. 
Consequently, it becomes conventionally convertible into the hydrophilic property of the difficult 
polymeric-materials Plastic solid from the ultraviolet treatment by the conventional mercury lamp at 
high speed. 

[0008] It is [ handling ] easier to equip the dielectric barrier discharge lamp with the window part 
material which the synchrotron orbital radiation penetrates, in order to attain an exposure. As window 
part material, when the gas for discharge is xenon gas, with a krypton or fluorine gas, the gas for 
discharge can apply [ the gas for discharge ] magnesium fluoride etc. as window part material with an 
argon using synthetic quartz glass, using sapphire as window part material. Moreover, an irradiated 
object can be put in into the gas ambient atmosphere for discharge, and the synchrotron orbital 
radiation from discharge can also be made to irradiate without window part material directly. In the case 
of plasma treatment, although the latter resembles the plasma treatment method, since working 
pressure is Number torr, to evacuation equipment being surely required, actuation of the approach of 
this invention is a number atmospheric pressure from 0.2 atmospheric pressures, and vacuum devices 
are not necessarily required for it, and it can realize a high throughput. 
[0009] 

[Example] The 1st example of this invention is explained. The schematic diagram of the hydrophilization 
approach of the polyethylene terephthalate by the dielectric barrier discharge lamp is shown in drawing 
1 . Within the processing duct 1, dielectric barrier discharge lamp 2a, 2b, and the polyethylene 
terephthalate shaping plate 3 2c, 2d, and whose 2e are irradiated objects are approached, and it is 
prepared. With a cooling means, since a dielectric barrier discharge lamp can be used without weakening 
intensity of radiation even if it holds down the skin temperature to 100 degrees C or less, it fully cools a 
lamp and can carry out a contiguity activity at a sample. For example, even if it approaches 1mm thru/or 
50mm, the shaping plate 3 seldom carries out temperature up. 

[0010] The schematic diagram of the above-mentioned dielectric barrier discharge iamp is shown in 
drawing 2 . The discharge container 4 is the object which has arranged the inside tubing 5 (outer 
diameter of 24mm), and the outside tubing 6 (outer diameter of 34mm) on the same axle by the product 
made from quartz glass with an overall length of about 300mm, made the bell shape, and was made into 
the coaxial-circles cartridge. The electrode 7 which consists of a metal network which the inside tubing 
5 and the outside tubing 6 are making the dielectric of dielectric barrier discharge and optical ejection 
window part material serve a double purpose, and penetrates light on the outside surface of the outside 
tubing 6 is formed. The metal electrode 8 of the shape of a cylinder which served as the ultraviolet-rays 
reflecting plate is formed in the front face by the side of the bore of the inside tubing 5. The fluid 9 for 
cooling is poured inside the cylinder-like electrode 8, and the temperature of the whole dielectric barrier 
discharge lamp is reduced. The getter 10 is formed in the end of the discharge container 4. The xenon 
gas of about 350 torr(s) is enclosed with discharge space 1 1 as luminescence gas, and if the light is 
switched on with a power source 12, the ultraviolet rays of the wavelength range of 120 to 190 nm 



which has maximum will be emitted to 172nm. 

[001 1] An ambient atmosphere is performed in the gas which mixed air or the air of the suitable 
concentration for nitrogen, and oxygen. In the case of the latter gas 14, it is supplied from the fluid feed 
hopper 13 for processing. The chemical bond of the front face of a moldings is cut by ultraviolet rays, 
and the oxygen which exists in an ambient atmosphere and an irradiated object front face, carbon, and 
moisture are introduced as a COOH radical and an OH radical on the surface of polyethylene 
terephthalate. The UV irradiation time dependency of the contact angle of the water on the front face of 
polyethylene terephthalate was shown in drawing 3 . Among drawing, a continuous line is data to a 
dielectric barrier discharge lamp, and a dotted line is data to the conventional low-pressure mercury 
lamp for a comparison. The ambient atmosphere was performed in the distance of 2mm between the air 
of one atmospheric pressure, and a lamp and a sample. The processing time which the low-pressure 
mercury lamp took several minutes became possible in 30 seconds by this invention approach. Although 
01 S/C1S were simultaneously measured by the analysis apparatus ESCA (a dashed line shows.), before 
the exposure, it was 0.5, and it increased with 0.8 by the exposure for 30 seconds, and it was checked 
that a COOH radical and an OH radical are introduced into a front face. 

[0012] The 2nd example of this invention is explained. This example does not have window part material 
as a lamp, and uses directly the ultraviolet rays emitted from discharge. The gas for discharge is krypton 
gas, and an irradiated object is the case of a polyethylene Plastic solid, and shows the schematic 
diagram to drawing 4 The Kr gas 21 which is gas for discharge is introduced from a feed hopper 13. In 
the reaction container 17 which has the evacuation opening 16, the electrode groups 15a, 15b, and 15c 
are formed. The structure of the electrode groups 15a, 15b, and 15c consists of the metal hollow 
cylinder 18 with an outer diameter [ of 9mm ], and an overall length of 200mm, as shown in drawing of 
longitudinal section of drawing 5 , and construction material is stainless steel. A dielectric 19 is quartz 
glass. Water and air are passed to the centrum 20 of an electrode, and it cools to it. A power source 12 
and an electrode are connected like a graphic display, the dielectric barrier discharge 24 is made to 
perform between electrode 15a, and 15b, 15b and 15c, and the ultraviolet rays of the wavelength range 
of 155nm and 140 to 160 nm which has maximum near the are made to emit. Power is about 300W. The 
distance of an electrode and the irradiated object 3 is 50mm. By the exposure for 2 minutes, the 
contact angle of the water on the front face of polyethylene changed from 93 degrees to 43 degrees. In 
a low-pressure mercury lamp, it did not change to 80 degrees. Even when the gas for discharge is a 
krypton, there is also the approach of using the window part material which penetrates the ultraviolet 
rays emitted like sapphire or magnesium fluoride like the lamp of the structure used for the 1st example 
as a discharge container. Polypropylene and polyacetal can also be. processed by the same approach. 
[0013] The 3rd example of this invention is explained. The gas for discharge is argon gas, and an 
irradiated object is a fluororesin and shows the schematic diagram to drawing 6 . Argon gas 22 is 
supplied from a feed hopper 13 from the upper part, and the fluororesin 3 which is a processed material 
receives the exposure of ultraviolet rays of 107nm of wavelength regions to 165 nm from the dielectric 
barrier discharge 24 by the electrode groups 15a, 15b, and 15c, after being carried by the transport . 
device 23 by the processing duct 1 filled with the argon ambient atmosphere. In this example, since 
argon gas pressure is more than atmospheric pressure, a vacuum housing is not needed and there is an 
advantage that migration of a processed material is easy. By power 300W, the contact angle of the. 
water of a poly tetrafluoroethylene front face changed to 103 to 42 degrees by the exposure for 2 
minutes. In the low-pressure mercury lamp exposure in an air ambient atmosphere, it did not change to 
102 degrees. 

[0014] Polyethylene terephthalate resin, polyethylene resin, and a fluororesin are chosen as drawing 7 as 
an irradiated object, and change of the contact angle at the time of irradiating with an argon, a krypton, 
a fluorine, and the dielectric barrier discharge lamp using xenon gas as gas for discharge is shown. In 
drawing, ** shows a data value [ as opposed to / as opposed to / in a fluororesin (PTFE) and + / 
polyethylene / polyethylene terephthalate in <> ]. All the processing times were made into 2 minutes. 
Unit nm showed the maximum wavelength of the ultraviolet rays emitted from the barrier discharge at 



the time of using each gas for discharge for an axis of abscissa on the strength. Hydrophilization of the 
polyethylene terephthalate was altogether carried out by the ultraviolet rays emitted from an argon, a 
krypton, a fluorine, and xenon gas. Hydrophilization was carried out by the ultraviolet rays to which 
polyethylene is also emitted from all the gas for discharge. Although hydrophilization was carried out by 
the ultraviolet rays to which polyethylene is also emitted from all the gas for discharge, there were little 
60 degree and effectiveness by xenon gas. Krypton gas showed and, in the case of the fluororesin 
(PTFE), argon gas showed the value of 42 degrees 65 degrees. Hydrophilization was not carried out by 
xenon gas. Also in the low-pressure mercury lamp which is the conventional ultraviolet treatment, it was 
shown, and also when it was the irradiated object of each-other gap, change of a contact angle was 
smaller than the case of a dielectric barrier discharge lamp. 
[0015] 

[Effect of the Invention] As described above, according to this invention, the approach of carrying out 
hydrophilization of the front face of a polymeric-materials Plastic solid with small equipment at high 
speed can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of the hydrophilization approach of polyethylene terephthalate. 
[Drawing 2] It is the explanatory view of an example of the dielectric barrier discharge lamp used for this 
invention. 

[Drawing 3] It is the explanatory view of the data of hydrophilization. 

[Drawing 4] It is the explanatory view of the hydrophilization approach of a polyethylene Plastic solid; 
[Drawing 5] It is the explanatory view of an example of the electrode pattern used for this invention. 
[Drawing 6] It is the explanatory view of the hydrophilization approach of a fluororesin. 
[Drawing 7] It is the explanatory view of the data of hydrophilization. 
[Description of Notations] 

I Processing Duct 

3 Shaping Plate 

4 Discharge Container 

5 Inside Tubing 

6 Outside Tubing 

7 Eight Electrode 

9 Fluid for Cooling 

10 Getter 

II Discharge Space 
1 2 Power Source 

23 Transport Device 

24 Dielectric Barrier Discharge 
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